Previous studies have provided support for the idea that information activated during retrieval can act as a mediator that facilitates later recall of a target. Evidence for this has been obtained from a paradigm involving independent cues in which participants initially learn cue-target pairs through retrieval (Mother: _____) or restudying (Mother: Child), and later show stronger benefits of retrieval over restudy in recalling targets from final test cues that are strongly related to the original cue (Father: _____) compared to cues that are unrelated to the original cues (Birth: _____). The current study used a new paradigm to explore the role of mediators in learning from retrieval by comparing the advantage of retrieval over restudying for cue-target pairs that varied in mediator strength (i.e., the strength of the strongest first associate to the cue). Across three experiments, items higher in mediator strength (e.g., Chalk: Crayon, with Chalk producing its strongest first associate Board at a rate of .69) produced stronger testing effects than items lower in mediator strength (e.g., Soup: Onion, with Soup producing its strongest first associate Chicken at a rate of .10). Item analyses revealed that mediator strength was positively associated with final test recall of items learned through retrieval but not through restudying, and this relationship held after controlling for other linguistic properties of the cues.
Introduction
Several decades of research have shown that the process of retrieving information from memory, as compared to restudying it, produces significant enhancements in later memory for that information (for recent reviews, see Carpenter, 2012; Delaney, Verkoeijen, & Spirgel, 2010; Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013; Kornell & Vaughn, in press; Roediger, Putnam, & Smith, 2011) . The testing effect-also referred to as retrieval practice-has been demonstrated in hundreds of studies with a wide range of verbal materials, ranging from fairly simple word lists and word pairs (Carpenter, Pashler, McDaniel, Wildman, & Anderson, 2012) . The consensus from these studies is that retrieval is a powerful mnemonic, often producing sizeable benefits on long-term memory under a variety of conditions (for recent boundary conditions to the effect, however, see Carpenter et al., 2016, and Kelly, Carpenter, & Sjolund, 2015) .
Numerous empirical demonstrations of the testing effect currently outweigh our theoretical understanding of it, however. Compared to many studies that have demonstrated the benefits of retrieval, there is a shortage of studies designed to explore the more difficult question of why retrieval benefits memory. According to one recent account, the elaborative retrieval hypothesis (Carpenter, 2009 (Carpenter, , 2011 , the act of retrieving a target from a cue activates cue-relevant information that becomes incorporated with the successfully-retrieved target, providing a more elaborate representation that consists of additional retrieval pathways that can be used to access the target at a later time. This activation of cue-relevant information is less likely to occur during restudy of cue-target pairs, because the target is readily available and does not need to be searched for in memory.
In one study exploring this hypothesis (Carpenter, 2011) , participants learned weakly-related cue-target pairs (e.g., Mother: Child) by studying a list of these pairs, followed by a cued recall test (Mother: _____) without feedback, or a restudy opportunity over the pairs. A later final test over the same cue-target pairs demonstrated that items learned through cued recall were retained better than items learned through restudy. For different groups of participants, the final test involved cued recall of the targets from new cues that had not been shown before. Some participants received new cues that were strongly related to the original cue but not to the target. For example, according to word association norms (Nelson, McEvoy, & Schreiber, 2004) , the forward associative strength between the original cue Mother, and the word Father, is .60. Other participants received new cues that were never presented and were not related to the original cue but were weakly related to the target. For example, the forward associative strength between Mother and Birth is 0, but the forward strength between Birth and Child is .02.
The purpose of providing these new cues was to evaluate whether the information activated during retrieval contributes to later retention. If the process of recalling a target from a cue (Mother: _____) activates cue-related information, then a word or concept closely related to the cue (Father) may become activated, and if the target is successfully recalled, this mediator could provide an additional retrieval cue to facilitate later retrieval of the target. Mediator cues like Father would therefore be expected to facilitate retrieval of tested items more so than restudied items, as the activation of mediators would ordinarily be less likely to occur during restudy. In contrast, a word that is unrelated to the original cue (Birth) would be less likely to become activated during retrieval. According to this hypothesis, the relative advantage for tested items over restudied items, therefore, would be stronger for mediator cues (Father) than for unrelated cues (Birth). This interaction was indeed observed in Carpenter's (2011, Experiment 2) study, lending support to the idea that information activated during retrieval facilitates later retrieval of target items.
One recent study replicated and extended this effect by demonstrating that the interaction reflecting the effects of elaborative retrieval-i.e., a larger advantage of testing over restudying for mediator cues compared to unrelated cuesis stronger when lists are repeated at long lags compared to short lags (Rawson, Vaughn, & Carpenter, 2015) . The effects of elaboration during retrieval are expected to be stronger when items are repeated at long lags because the extended list renders the target item less accessible such that the activation of cue-relevant, non-target information during retrieval is more likely to occur. Indeed, final test performance in this study revealed the same two-way interaction reported by Carpenter (2011, Experiment 2) , in addition to a three-way interaction demonstrating that the elaborative retrieval effect was stronger for items learned at long lags compared to short lags.
Previous studies have explored the role of elaboration in the testing effect by manipulating the type of cue provided during a final test-one that is either strongly associated with the original cue-i.e., a mediator-or one that is not associated with the original cue (Carpenter, 2011; Rawson et al., 2015) . Important to theoretical development is the use of different methods that can measure a given construct and provide converging evidence to support it, or boundary conditions to identify its limits. To that end, the current study used a new paradigm to explore the role of mediators in learning from retrieval. Instead of manipulating the type of independent cue given on the final test, the current study used the original cues via the standard testing effect paradigm, and varied the strength of association between the cue and mediator.
Some words have stronger mediators than others. For example, according to Nelson et al.'s (2004) norms, the word Chalk produces its strongest forward associate Board at a rate of 69%. The word Soup, on the other hand, produces its strongest forward associate Chicken at a rate of only 10%. Thus, a strong forward associate-i.e., the mediator-would be more likely to be activated when Chalk is the cue than when Soup is the cue. If activation of these mediators contributes to later retrieval of the target, then the testing effect might be expected to be stronger for word pairs with stronger mediators (Chalk -Crayon) than for word pairs with weaker mediators (Soup -Onion).
To test this hypothesis, we assembled a unique set of 44 items (see Appendix) that varied in mediator strength but for which a number of other cue properties was controlled. Mediator strength was defined as the forward strength between the cue and its strongest associate, according to the norms of Nelson et al. (2004) . For example, the cue Ball produces the mediator Bat 19% of the time, and the cue Bird produces the mediator Fly 21% of the time. Mediator strength across the 44 items ranged from 10% (for the cue Soup) to 69% (for the cue Chalk). For each cue, we used Nelson et al.'s norms to select a target word that was not the mediator and was weakly associated with its cue at a forward strength of about 2%, on average. Backward associative strength between the cue and target was always 0, and none of the 44 targets ever served as the mediator for any of the other 43 cues.
A number of other cue properties was controlled to ensure that mediator strength did not co-vary with other characteristics of the cue, particularly concreteness, familiarity, imageability (obtained from the MRC Psycholinguistic Database, Wilson, 1988) , and word frequency (obtained from the English Lexicon Project, Balota et al., 2007) . Across the 44 items, mediator strength did not correlate with any of these other cue properties (rs < .16, ps > .33). Cues were always nouns consisting of only one syllable, and were similar to one another in length (4-6 letters).
Using these items, the current experiments utilized the standard cued-recall testing effect paradigm and explored the size of the effect as a function of mediator strength. Each of the 44 word pairs was encoded and then reencountered as either a Test trial (involving retrieval of the target from the cue, Ball: _____), or a Study trial (involving re-exposure of the complete cue-target pair, Ball: Boy). Memory for all items was then assessed via a final test that required cued recall of each target from its original cue. If mediators play a role in learning from retrieval, then the advantage of Test over Study should be more pronounced for items that are higher in mediator strength than for items that are lower in mediator strength. Consistent with recent data on lag effects (Rawson et al., 2015) , the effects of mediator strength might also be expected to be more pronounced for items that are repeatedly retrieved at longer lags compared to shorter lags. Experiment 1 was designed to provide a basic test of these hypotheses.
Experiment 1

Participants
One hundred and six students from Introductory psychology courses at Iowa State University participated to fulfill partial course requirements. The sample comprised 61% females and 39% males. Across all experiments, each participant completed the experiment individually on a personal computer. Information about participants' ages and levels of English proficiency was not collected.
Design and procedure
Each participant learned the 44 cue-target pairs during an initial learning phase, followed two days later by a final test phase. During the initial learning phase, instructions on the computer screen informed participants that they would be learning approximately 40 word pairs, and that they would later receive a memory test over those word pairs. All participants then received three encoding trials over each item, which consisted of the cue-target pair being presented by itself in the middle of the computer screen for 6 s. Following encoding, each participant reencountered half of the cue-target pairs through retrieval (Test) and half through restudy (Study). During Test trials, the cue alone was presented (e.g., Ball -_____) for 6 s while participants tried to retrieve the target (e.g., Boy) and type it in. The program advanced after 6 s, and feedback was not provided. During Study trials, participants simply saw the cue-target pair again for 6 s.
Each participant completed the encoding phase, followed by the Test/Study phase, according to one of two schedules. For half of the participants, the 44 word pairs were divided into two separate blocks of 22 items. A unique set of 22 pairs, randomly determined for each participant, was presented for encoding three times, each time in a new random order with a 6-s presentation rate per item. Participants then saw the same list of 22 pairs again, this time with 11 pairs randomly assigned to Test and 11 to Study. The same 22 pairs were then presented two more times, each time with the same 11 pairs assigned to Test or Study. Each pair was presented for 6 s each, in a randomized order, with Test and Study trials intermixed. After completing the last Test or Study trial for the first set of 22 items, the same procedure was repeated for the other 22 items.
1
A second group of participants learned the entire list of 44 items in a single block. Just like the other group, these participants experienced three encoding trials followed by three Study trials (SSSSSS) or three Test trials (SSSTTT), only this time the entire list of 44 items was presented three times, followed by three more presentations of the entire list with 22 items randomly assigned to Test and 22 to Study. Thus, half of the participants engaged in repeated Test vs. Study at 21-item lags (the Short Lag Group, n = 53), and half at 43-item lags (the Long Lag Group, n = 53). Given recent data showing that the use of mediators during retrieval can be moderated by lag (Rawson et al., 2015) , the larger testing effect for items high in mediator strength compared to items low in mediator strength may be expected to be stronger for participants in the Long Lag Group compared to the Short Lag Group.
2
Two days after the learning phase, participants returned to complete a final cued-recall test over all 44 items. On the final test, they were given the original cues, one at a 1 This aspect of the design was informed by the results of a preliminary study showing that the predicted effects of mediator strength emerged when participants learned the list in 22-item blocks. In this study, 150 participants from an online sample completed one encoding trial followed by one Test or Study trial over each item, and then a final test over all 44 items after a short time interval of a few minutes. Although final test performance revealed the predicted interaction showing that retention of Test items was better for items high in mediator strength compared to items low in mediator strength (73% vs. 67%) whereas retention of Study items did not differ according to mediator strength (70% vs. 69%), F(1, 149) = 5.76, p = .018, g 2 = .037, no overall advantage of Test over Study emerged, F(1, 149) = .001, p = .97. Key modifications were made to this design to increase the likelihood of observing an overall testing effect, namely by delaying the final test (e.g., see Coppens, Verkoeijen, & Rikers, 2011; Roediger & Karpicke, 2006; Toppino & Cohen, 2009) , and increasing the number of encoding trials to encourage successful retrieval at the time of the initial tests.
2 Previous studies designed to explore lag effects have usually included stronger manipulations of short vs. long lags, such as 8-item vs. 35-item lags (Rawson et al., 2015) , or 6-item vs. 34-item lags (Pyc & Rawson, 2009 ). For ease of exposition, we use the terms short lag and long lag when referring to our 21-item and 43-item lags, respectively. We note, however, that our ''short lag" in the current study was longer than those typically used in previous research, and thus we might expect our lag effects to be weaker than in previous studies.
time in random order, and asked to recall and type in each target that was previously paired with each cue. The final test was self-paced, and feedback was not provided. The procedure lasted approximately 40 min during Session 1, and approximately 10 min during Session 2.
Results and discussion
Data were excluded from 8 participants who failed to return for Session 2 (5 in the Short Lag Group, and 3 in the Long Lag Group) and for 3 participants whose initial test accuracy was more than three standard deviations below the group mean. The data for the remaining 95 participants (47 in the Short Lag Group, and 48 in the Long Lag Group) were analyzed.
Initial test accuracy
Accuracy on the initial tests is shown in Table 1 . A 2 Â 3 (Group Â Trial) Mixed ANOVA revealed a significant main effect of trial, F(2, 186) = 21.75, p < .001, g 2 = .19, in that performance improved across trials. No main effect of group emerged, F(1, 93) = .18, p = .67, and no interaction, F(2, 186) = .08, p = .92. Inspection of initial test responses revealed that the improvement across trials was largely due to the reduction of ''time-out" errors. Due to the 6-s time limit on Test trials, participants sometimes failed to respond within the allotted time, or typed in a partial response that was unidentifiable on the first trial (e.g., only the first letter of the target word), but fully correct on subsequent trials. Partial responses that could not be identified were coded as incorrect, leading to a slight underestimation of accuracy on the first trial.
Final test accuracy
On the final test, accuracy of each participants' responses was categorized according to whether participants learned items through Test or Study, and whether the item was high or low in mediator strength. High vs. low mediator strength was determined by a median split. Of the 22 items assigned to Test or Study for each participant, the 11 items with lowest mediator strength were categorized as ''low," and the 11 items with highest mediator strength were categorized as ''high." Experiment 1 provides support for the idea that mediator strength plays a role in learning from retrieval, particularly when retrieval occurs at longer lags compared to shorter lags. These findings are consistent with our predictions and with previous research showing that mediators are more likely to be activated during long-lag testing compared to short-lag testing (Rawson et al., 2015) . We note, however, that final test retention for Test items was quite high in Experiment 1, and it is possible that differences between items could have been obscured by ceiling effects. During the initial tests in Session 1, participants recalled about 90% of the items correctly, on average. Performance on the final test-close to 80% in the Short Lag Group, and about 88% in the Long Lag Group-indicates that little forgetting occurred over the 2-day retention interval. Thus, Experiment 2 was designed to explore these same effects with a longer retention interval that would alleviate potential ceiling effects.
Experiment 2
Experiment 2 was a replication of Experiment 1, only this time the final test was administered after one week instead of two days. All other aspects of the procedure were identical to Experiment 1.
Participants and design
One hundred and five new students from Introductory psychology courses at Iowa State University participated to fulfill partial course requirements. The sample comprised 71% females and 29% males. Participants were randomly assigned to the Short Lag Group (n = 50) or to the Long Lag Group (n = 55), and returned after one week to complete the final test.
Results and discussion
Data were excluded from 8 participants who failed to return for Session 2 (3 from the Short Lag Group and 5 from the Long Lag Group), 2 participants who did not complete Session 1 due to a computer crash, one participant who failed to follow instructions on the final test (i.e., typed in no responses at all), and one participant whose initial test accuracy was more than three standard deviations below the group mean. Data from the remaining 93 participants (46 in the Short Lag Group, and 47 in the Long Lag Group) were analyzed.
Initial test accuracy
Initial test recall is shown in Table 1 . As in Experiment 1, a 2 Â 3 Mixed ANOVA revealed a significant main effect of trial, F(2, 182) = 28.19, p < .001, g 2 = .24. No effect of group emerged, F(1, 91) = .17, p = .68, and no interaction, F(2, 182) = 2.35, p = .10. Again, the improvement across trials appeared to be driven by a reduction in time-out errors.
Final test accuracy
Final test results closely paralleled those of Experiment 1 (see Fig. 1 
High strength Low strength Fig. 1 . Final test performance as a function of trial type, mediator strength, and lag. Experiment 1 (upper panel) assessed final test recall after a two-day delay, and Experiment 2 (lower panel) assessed final test recall after a one-week delay. In both cases, Test items that were high in mediator strength were retained better than Test items that were low in mediator strength, and this advantage was stronger at long lags compared to short lags, whereas retention of Study items did not differ as a function of mediator strength at either long or short lags. from restudy, particularly at longer lags. This was demonstrated under conditions in which the final test was delayed by one week, reducing the likelihood that ceiling effects could be obscuring differences between conditions. Taken together, the results of Experiments 1 and 2 demonstrate that items higher in mediator strength are more likely to benefit from retrieval than from restudy.
Given the novelty of this finding and the importance of replication (Pashler & Harris, 2012; Simons, 2014) , Experiment 3 was designed to provide additional data on the role of mediator strength in learning from retrieval. Alleviating ceiling effects with a one-week delayed final test, Experiment 2 demonstrated a significant interaction showing that mediator strength coincided with better memory for Test items than for Study items, and this effect was most pronounced when items were learned at long lags. The Long Lag condition is therefore of greatest interest given that the role of mediators is expected to be stronger when retrieval occurs at long lags. Thus, Experiment 3 was conducted to provide a direct replication of the Long Lag condition from Experiment 2.
Experiment 3
Participants and design
Fifty-nine new students from Introductory psychology courses at Iowa State University participated in Experiment 3 to fulfill partial course requirements. The sample comprised 76% females and 24% males. All aspects of the design were identical to the Long Lag condition of Experiment 2.
Results and discussion
Data from 8 participants were excluded from analyses. Five of these participants failed to return for Session 2, and data from 3 additional participants were lost due to a computer crash or experimenter error during Session 1. Data from the remaining 51 participants were analyzed.
Initial test accuracy
Accuracy on the initial test in Experiment 3 was 72% on Trial 1 (SD = 26%), 73% on Trial 2 (SD = 27%), and 75% on Trial 3 (SD = 26%). A one-way Repeated Measures ANOVA revealed a significant improvement in recall across trials, F(2, 100) = 11.05, p < .001, g 2 = .18, which again appeared to be driven by a reduction in time-out errors.
Final test accuracy
Final test performance across the four within-subjects conditions is displayed in Table 2 iments, items high in mediator strength were retained better than items low in mediator strength, but this only occurred for Test items, t(50) = 2.18, p = .03, d = .31, and not for Study items, t(50) = .83, p = .41. There was no overall main effect of mediator strength, F(1, 50) = 1.01, p = .32.
Findings
Supplemental analyses
Continuous analyses by items
The data from all three experiments were analyzed using by-item analyses to assess the relationship between mediator strength and final test recall. Mediator strength was treated as a continuous variable and correlated with the proportion of participants who correctly recalled each of the 44 items on the final test in the Study and Test conditions. For Test items, the proportion of participants recalling each item correctly on the final test was correlated significantly with the proportion of participants recalling each item correctly on the initial test (across experiments including all five Test conditions, rs ranged from .37 to .86, ps < .015).
3 This does not seem particularly surprising, as when corrective feedback is withheld after a retrieval attempt participants would be unlikely to recall items on the final test that they could not recall initially. If mediators play a role in learning from retrieval, then a positive relationship between final test recall and mediator strength should occur, and this relationship should be stronger for Test items than for Study items. To explore 3 The proportion of participants recalling each item correctly on the initial test in Experiment 1 ranged from 72% to 100% for the Short Lag Group, and from 78% to 100% for the Long Lag Group. The proportion recalling each item correctly in Experiment 2 ranged from 75% to 100% for the Short Lag Group, and from 76% to 100% for the Long Lag Group. Finally, in Experiment 3, the proportion ranged from 52% to 100%. 4 Initial test recall by items was defined as the proportion of participants who recalled each item correctly at least once across the three initial test trials. Across items, initial test recall did not correlate significantly with mediator strength. This was the case in Experiment 1 for both the Short Lag Group (r = À.10) and the Long Lag Group (r = .22), in Experiment 2 for both the Short Lag Group (r = .05) and the Long Lag Group (r = À.03), and in Experiment 3 (r = .003), all ps > .14.
these effects, multiple regression analyses were conducted to predict final test recall for Test items after controlling for initial test recall and the additional cue properties of concreteness, familiarity, imageability, and frequency. The same analysis applied to Study items entered the four cue properties as predictors. These outcomes are reported in Table 3 for Test items, and The same analysis applied to Study items revealed no significant relationship between mediator strength and final test recall (see Table 4 ). In fact, much of the time the relationship was slightly negative, indicating that Study items higher in mediator strength were remembered less well than Study items lower in mediator strength-the opposite pattern to that observed for Test items. Table 5 reports the by-item regression analysis applied to the combined data from the Long Lag Groups of Experiments 2 and 3. Mediator strength again accounted for a unique portion of the variance in final test recall of Test items (b = .25, p = .015), but not Study items (b = À.15, p = .38). This pattern is consistent with the interactions reported earlier and supports the idea that mediator strength is positively associated with learning from retrieval but not from restudy.
Error responses on the initial tests
As an additional supplemental analysis, we examined error response that occurred on the initial test trials across the three experiments. Examination of these error Other times participants typed in an error response that was not the mediator, but was listed among the forward associates of the cue according to the norms of Nelson et al. (2004) . For example, the cue Broom -_____ sometimes elicited the errors Mop or Stick, both of which are Note. Initial test recall refers to the proportion of participants who recalled each item correctly at least once across the three test trials.
forward associates of Broom. Although the mediators were the most common commission errors, other associates to the cues (excluding the mediators) comprised an additional 30% of commission errors in Experiment 1, an additional 33% in Experiment 2, and an additional 34% in Experiment 3. Thus, across the three experiments, participants' errors of commission commonly consisted of words that were connected to the cues by pre-existing associations. If these errors represent information that is activated during retrieval, then cue-relevant responses appear to be activated during the process of recalling a target from a cue, consistent with the premise of the elaborative retrieval hypothesis.
General discussion
These data support the idea that mediators activated during retrieval contribute to later retention. Experiment 1 yielded an overall benefit of Test over Study, in addition to the predicted interaction showing that items higher in mediator strength coincided with better memory retention for Test items than for Study items. As predicted, this interaction only occurred for the Long Lag Group and not for the Short Lag Group. Implementing a longer retention interval, Experiments 2 and 3 demonstrated the same interaction between testing and mediator strength for the Long Lag Group. Analyses by items revealed that final test performance was positively associated with mediator strength, particularly for Test items learned at long lags. Mediator strength did not correlate positively with final test recall of Study items in any of the experiments.
These results are consistent with those of previous studies showing that mediators play a role in learning from retrieval (e.g., Carpenter, 2011) . In particular, Experiments 1 and 2 are consistent with the results of one recent study showing that the role of mediators in retrieval is stronger when repeated retrieval occurs at long lags compared to short lags (Rawson et al., 2015) . These previous studies used independent cues to measure the effects of mediators. The current study used original cues via the standard testing effect paradigm, and found that cue-target pairs containing stronger mediators were more likely to benefit from retrieval than were cue-target pairs containing weaker mediators, and this was particularly true for retrieval that took place at longer lags. This finding was specific to retrieval, as learning via restudy produced no differences in final test recall as a function of mediator strength.
These results confirm the findings of many studies demonstrating benefits of retrieval over restudy (e.g., Carpenter, 2012; Delaney et al., 2010; Dunlosky et al., 2013; Roediger et al., 2011; Rowland, 2014) , and benefits of longer lags over shorter lags (e.g., Carpenter, Cepeda, Rohrer, Kang, & Pashler, 2012; Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006; Cepeda, Vul, Rohrer, Wixted, & Pashler, 2008) . These variables have been known to interact as well, such that the benefits of retrieval over restudy are greater at longer lags than at shorter lags (Rawson et al., 2015; Thios & D'Agostino, 1976) . This two-way interaction between testing and lag did not occur in the current study. However, this was likely due to the fact that our ''short" lag was longer than the short lags that have been used in previous studies, which have typically consisted of list items separated by only 4 (Thios & D'Agostino, 1976) to 6 (Pyc & Rawson, 2009 ) to 8 other items (Rawson et al., 2015) . Comparatively, a list of 22 items could require more effortful retrieval from long-term memory, leading to benefits of retrieval over restudying that were larger than those typically seen in previous studies. Indeed, at least one study has shown that lag effects for tested items tend to occur in a graded fashion, such that memory retention is lowest following a short lag between encoding and initial test, slightly higher following an intermediate lag, and highest following a long lag (Whitten & Bjork, 1977) . Our 22-item list likely represented an intermediate lag that exceeded short-term memory. With further increases in lag-i.e., the 44-item list-the effort associated with retrieval increases (Pyc & Rawson, 2009) , and in this case the effects of elaboration during retrieval may be more likely to occur, accounting for the observed effects of mediators on retrieval at longer lags in both previous research (Rawson et al., 2015) and in the current study.
The beneficial effects of mediator strength on learning from retrieval are consistent with a number of recent studies showing that retrieval conditions that encourage the activation of cue-relevant information enhance later recall of the targets that were learned from those cues. In a study by Kornell, Hays, and Bjork (2009) , participants learned weakly-associated cue-target pairs by first trying to generate the target when given the cue (e.g., Whale: _____) and then seeing the cue and correct target together (e.g., Whale: Mammal), versus simply seeing the cue and correct target the whole time. Even though the generated answers were always incorrect, performance on a later test over the same cue-target pairs was significantly higher when participants generated the wrong answer and then received feedback, compared to never trying to generate the answer. Kornell et al. reasoned that the act of generating the target could activate meaningful semantic information related to the cue that becomes integrated with meaningful information about the target when it becomes available, such that the generation of this ''incorrect information can serve as a mediator, connecting the question with the correct answer" (p. 996). Indeed, this idea has received support from later studies directly examining the beneficial role of mediators in the testing effect (e.g., Carpenter, 2011; Rawson et al., 2015) .
Subsequent studies have replicated Kornell et al.'s (2009) findings and have found that, at the time of the final test, participants are able to successfully remember their original guesses. Furthermore, retrieval of the correct target is more likely to occur when participants are also able to retrieve their original guesses. This has been observed when the final test occurs relatively immediately after learning (e.g., Knight, Ball, Brewer, DeWitt, & Marsh, 2012; Vaughn & Rawson, 2012) and also when the final test occurs after a delay (Yan, Yu, Garcia, & Bjork, 2014 ; for similar findings using slightly different types of tasks, see also Butler, Fazio, & Marsh, 2011; Pyc & Rawson, 2010) , adding support to the idea that these initial guesses may serve as mediators that facilitate later recovery of the target.
Other studies using this same basic paradigm have found that the positive effects of guessing are stronger when the cue and target are semantically related. For example, Huelser and Metcalfe (2012; see also Grimaldi & Karpicke, 2012) had participants learn weakly related word pairs (with forward associative strength of 5%, on average, according to the norms of Nelson et al., 2004) vs. unrelated word pairs, and found that the benefits of generating erroneous guesses only occurred for the related word pairs. Knight et al. (2012) replicated this same result and also found that the tendency to retrieve correct targets after retrieving initial guesses occurred more often for related word pairs than for unrelated word pairs. This provides further support for the idea that erroneous guesses can act as mediators that connect the cue and target, and that the accessibility of these mediators is greater when they are generated based on a semantic association with the cue. Indeed, other studies have found that the benefits of generating erroneous guesses are eliminated under conditions where semantic processing of the cue is discouraged, such as when the cue provides a constraining stem that restricts the response options (e.g., tide: wa__, Grimaldi & Karpicke, 2012 ; see also Bridger & Mecklinger, 2014) , or when the cues provided are lexically related to the targets (e.g., ho___: house) rather than conceptually related (a flower: tulip) (Cyr & Anderson, 2015) .
This pattern of findings is consistent with the premise that generating information based on pre-existing associations to the cue during retrieval enhances later retrieval of the target by providing a mediator between the cue and target that can serve as a pathway for facilitating retrieval of the target at a later time. Having been generated from the cue during the search to recover the target, this mediating information would be expected to benefit later retrieval in the cue-to-target direction more so than in the target-to-cue direction. This idea has received some preliminary support from studies that have explored the directionality of the testing effect with cue-target pairs, and have observed an asymmetrical pattern favoring ''forward" recall over ''backward" recall (Vaughn & Rawson, 2014; see also Carpenter, Pashler, & Vul, 2006) .
The activation of mediating information is assumed to occur during retrieval of a target from a cue, and thus would not be expected to occur to the same extent during mere presentation or restudy of the to-be-learned information. Elaborative activities during encoding, therefore, such as the keyword mnemonic (Karpicke & Smith, 2012) , or free association of related words to cues or targets presented in isolation (Lehman & Karpicke, in press, Experiments 3-5; Lehman, Smith, & Karpicke, 2014) , would not be expected to engage the same type of cued retrieval-based processing that is proposed by the elaborative retrieval hypothesis. In a recent study, Lehman and Karpicke (in press, found that retrieving targets (e.g., Child) from word stem cues (e.g., Mother: Ch___) did not result in activation of the mediator ''Father," as evidenced through comparable lexical decision response times to mediators (Father) vs. words that were unrelated to the cue (Banquet) following retrieval (Mother: Ch___) vs. restudy (Mother: Child). However, the word stem cue used in this particular task likely constrained responses to the target word (i.e., starting with ''ch"), and discouraged activation of other words related to the cue. Consistent with the studies reviewed earlier, constrained cues are less likely than unconstrained cues to engender the activation of mediators that are believed to facilitate connections between cues and targets (Bridger & Mecklinger, 2014; Cyr & Anderson, 2015) .
The current results also indicate that it is not necessarily the quantity of information that can be activated during retrieval, but the strength of the mediating information and how it facilitates cue-target connections. In the current materials, cue items that were higher in mediator strength necessarily contained a smaller overall number of forward associates, r = À.72, p < .001, indicating that the sheer quantity of information associated with a cue, without regard to its strength of activation or quality to serve as effective mediating information, is not the locus of the effect. As such, the idea that mediators activated during retrieval can facilitate later retention is not at odds with phenomena such as the fan effect (Anderson, 1974; Anderson & Reder, 1999; Cook, Marsh, Hicks, & Martin, 2006) or the cue overload principle (Anderson & Neely, 1996; Parkin, 1980; Watkins & Watkins, 1975) , showing that a greater number of associations to a given cue can interfere with memory for any one of those associations. Whereas these effects are believed to be accounted for by interference among multiple associations, the beneficial effect of mediators is more likely attributed to the role that they play in connecting the cue and target. The extent to which cue-related information facilitates memory likely depends on the degree to which it interferes with, versus integrates, what is being learned. Indeed, studies have shown that the fan effect can be reduced or eliminated when multiple associations can be integrated into a unified concept (e.g., Moeser, 1979; Radvansky, Zacks, & Hasher, 1996; Smith, Adams, & Schorr, 1978) , and the effect can be reversed under conditions in which the integrated associations are causally linked with one another (Myers, O'Brien, Balota, & Toyofuku, 1984) .
Future research would benefit from further explorations of how mediators are used during retrieval, and whether different strategies exist for using mediators that may yield different effects on long-term retention. In addition to the possibility that mediating information activated from a cue becomes directly connected with the target, a non-mutually-exclusive possibility is that mediating information serves as an effective retrieval cue by reminding participants about what the answer is not. At the time of a final test, participants may see a cue (e.g., Night: _____) that activates a strongly associated concept (Day), but they remember retrieving this item and that this strong associate was not the right answer, leading them to eventually recall the correct answer Train. Thus, if mediators are activated during retrieval and the correct target is successfully retrieved, the retrieval process could serve to effectively distinguish the mediator from the correct answer. Such a possibility is consistent with the finding that successful recall of targets on a final test coincides with successful recall of initial erroneous guesses (Butler et al., 2011; Cyr & Anderson, 2015; Knight et al., 2012; Vaughn & Rawson, 2012; Yan et al., 2014) and with successful recall of previously-generated mediators designed to link a cue and target (Pyc & Rawson, 2010) . A worthwhile question to explore in future research is whether mediating information facilitates retrieval of target information across a range of time intervals, or whether ''mediator intrusions" return after a long enough delay. The relationship between mediator strength and later recall of tested items may not be linear. After enough time has passed, the memory strength of a strong mediator could exceed that of the correct answer, such that items with the strongest mediators may not actually be the best retained in the long run.
The findings of the current study can be considered in light of additional explanations that have been offered to explain the benefits of retrieval. These accounts have pointed to the importance of the type of processing and retrieval success at the time of initial test, the processing required at the time of the final test, and the role of contextual features as key contributors. According to the bifurcated distribution model (Kornell, Bjork, & Garcia, 2011 ; see also Halamish & Bjork, 2011) , the long-term advantage in memory for tested items over restudied items depends upon retrieval success at the time of the initial test-items successfully retrieved receive a strong boost in memory strength, those not retrieved receive no boost, and those that are restudied receive an intermediate boost-and also the threshold for retrieval at the time of the final test, such that advantages of tested items are more likely to emerge when the threshold is higher, as in the case of a delayed final test rather than an immediate final test. The episodic context account (Karpicke, Lehman, & Aue, 2014) proposes that items are initially encoded along with contextual information associated with them, and that during retrieval participants attempt to reinstate the context in which the items were encoded. Successful retrieval results in an updating of contextual representations that include both the original and current context, such that the retrieved items ''become associated with a variety of contextual features that serve as effective retrieval cues on later tests" (Karpicke et al., 2014, p. 259) .
The idea that mediators contribute to the benefits of retrieval is not mutually exclusive from these accounts, and can further their specificity by proposing an explanation for why some items may be more likely than others to benefit from retrieval. For example, the increment in memory strength that results from retrieval, as conceptualized by the bifurcation model, could be influenced in part by the presence of mediating information, such that item properties or retrieval situations that encourage the use of mediators could lead to a greater boost in memory strength as a result of retrieval. A straightforward premise of the episodic context account is that the retrieval process involves attempts to reactivate information previously encountered. The elements of the retrieval context that have become activated or strengthened as a result of this process can then serve as effective retrieval cues, and in this regard, the general process described by the episodic context account does not appear to differ fundamentally from that proposed by the elaborative retrieval account. Particularly with regard to cued retrieval tasks of the type explored here, both accounts propose that information that is based on the encoded stimuli (i.e., cue-target pairs) is activated, reinstated, brought to mind, etc. during retrieval, and this information (i.e., mediators, contextual elements, etc.) can serve as effective cues for retrieval of the stimuli again later. By this logic, mediators as conceptualized by the elaborative retrieval account and elsewhere (e.g., Cyr & Anderson, 2015; Knight et al., 2012; Kornell et al., 2009; Pyc & Rawson, 2010) could be one type of ''contextual element" that is activated or reinstated during retrieval and that can promote later memory for the retrieved information.
The factors underlying the testing effect are likely to be multifaceted, such that the effect is best accounted for by a number of potentially inter-related mechanisms. The activation of mediators during retrieval does not account for all instances of the effect. In the current study we observed large benefits of retrieval over restudy even for items that were low in mediator strength, and even for items that were learned at short lags. Further, it is likely that factors other than, or in addition to, activation of mediators underlie the benefits of testing that have been observed with materials that do not encourage obvious semantic or conceptual associations between items, such as learning to connect unfamiliar symbols to words (e.g., Coppens et al., 2011; Kang, 2010) , or learning a spatial representation of locations within an environment (Kelly et al., 2015; Rohrer, Taylor, & Sholar, 2010) . There is also evidence that the time course of mediators may be limited, in that they are activated during early stages of learning but cease to be utilized after a cue-target pair has become welllearned (e.g., Kole & Healy, 2013) .
In conclusion, these data provide converging evidence for the role of mediators in learning from retrieval by showing that items higher in mediator strength are more likely to benefit from retrieval than items lower in mediator strength, and that this benefit is most likely to occur for items retrieved at longer lags. These findings help advance our theoretical understanding of the testing effect by pointing to the activation of mediators during retrieval as one mechanism that contributes to the benefits of testing over restudying. Future research is encouraged that can shed light on additional mechanisms that may account for the benefits of retrieval in a broad range of tasks. 
